




Al 


(11)1 Ill 


iriiiiir WOl9/tMM 






(4^1 "I il 


IPriMkallMDalti MJamiuy iM9(2«J01^) 



ai)i 

01) 



30f«l]rl9tt(2aO7JS) 

20J«ly I987(2a07J7) 
US 



(63) Related by 
US 
Filed 



075^ (CIP) 
20Jniyl9S7(2a07^ 

(71) AM>IU<wt J'or mB deOpuaed States exegft US): MARI- 
CULTURA. INCORPORATED [US/USJ: Pdst Oflke 
Drawer 96S, Wriffatsrilk Beach, NC 28480 (US). 



VMGk. 




/AflMrilOfcr ttS M^r; • U>Na. Tbooat. 

- - K JI5.B SmnMT Ren Road. Wil- 

(US). 

(74) Aart: BARBER. Lsrim. E.: Olive * Olhrc. P.a Box 
2M». Dnkam. NC 27702 (US). 

(inl^ikealii SMHt AT(Evopean pateatX AU. BB. BE 
(E^fopcaa pMeotl Ba bT^API pateotX BR. CF 

(OAPI paNBt). CO (OAPI patentX CH (EmopcaB 
tent). CM (OAn patent), DE (Enropeaa pttentX Dl^ 
Ft. FR (Enopeu patentX GA (OAPI patent). GB 
(Eonmeaa jwtentX HU, IT (European P«e«). /P. 
KP. KR. LK, LU (Eoropean patent). MC. MG. ML 
(OAPI patent). MR (OAPI patentX MW, NL (Euto- 

Sean piteatX NO. RO. SD. SE (Eoropean patent). 
N (OAPI patent). SU. TD (OAPI patent). TG (OAPI 
patent). US. 

PaMfabed 

With bttematkmal seareh report. 
Before the expiration of the time limit for amending the 
claims arid to be republished in the erent of the receipt 
tf amendments. 



(54)T1tlc: MICROORGANISM PRODUCTION OFOMEGA-3 (N-3) LIPIDS 
(57)AkatnKt 

Tbe invention comprises the use of obltgateiy and facottotively marint. .ukaiyotic microorganisms for the produc- 
tion of Oraega.3 (o-3) fatty adds that may be used in food, cosmetic, and pharmaceutical products. In the mvention the 
microorfanisms are grown heterotrophically. harvested, and extracted for lipid products. 
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. This in^atlon r«Ut<s to fatty add production from 
;icroor9ani.-. In particular, thi. invention relate, to the 
ose of obUgately or facultatively aarine eukaryotic 
.icroorganisM groim heterotrophically and the production of a 
group of highly polyunsaturated fatty acid, known as Oi»ega-3 
n-3 fatty acids. 

Background Information 

The biosynthesis of fats and oils by microbes such as 
yeasts, bacteria, molds, and algae ^is well established, and 
inventors have devised ways of optimizing the growth 
conditions for this biosynthesis. For example, yeasts or 
molds in mixed culture with bacteria and grown on mixtures of 
carbohydrates or hydrocarbons under aerobic fermentation 
conditions were found to produce numerous amino acids plus, in 
some cises, unspecified oil and fat. (O.S. Pat. No. 
3,793,153). The disclosure of this reference and all others 
cited herein are hereby incorporated by reference. Yeasts 
such as Candida and Rhodotorula also produce single-cell 
protein and undifferentiated lipid from vegetable 
carbohydrates including starch (U.S. Pat. No. 4,230,806). 
Under aerobic conditions r^ndlda trooicalis produces 
unsaturated dicarboxylic acids having 14 to 22 carbon atoms 
from unsaturated fatty acids or their esters (U.S. Pat. No. 
4,474,882). Numerous yeasts dramatically increase their 
production of 1, 3^isaturated-2.unsaturated triglycerides, a 
predominant component of cacao butter, under high oxygen 
fermentation conditions in a growth medium containing one or 
.ore fatty acids having between 10 and 20 carbon atoms. (U.S. 
Pat. No. 4,485,173). Rhodococc ua rhodochrous (formerly 
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^ l^ardik ^ aarntU l •yntbMU«s hydconjfatti^ •eld. «nd|v 

iS^IS kato-fattf «cid«. soch M 10.hydroxy-li.oct«d«c«nolc add and 
A^^^io-hydroifataric acid/ oadar aaroble eeaditieas by hydration ^ 
^S^ii of onaaturatad fatty aelda aach aa llnolalc and oleic acid, 

-JsSMraapactlTaly. (0.8. Pat. mo. 4,Si2,804). llathod. ha^a aUoj 
^^te If ^baan d^Uad to lacraaaa oil product Ion and racovary «ro« ; 
'K|! 5Shalophllic algaa auch aa Oanallalla byjgroifliig tha eeUm / 
^^^^"^ ^^photoaynthatlcally In a aalina aolatlon wlth a growth ^ t 
pro«)tliig ansyiio and aalng water Ineoloble aolvent extraction. 
The olla obtained had a carbon and nitrogen content similar to 
crude oil and were apparently saturated fatty aclda and wax 
6»ters. (O.S. Pat. No. 4,341,038). 

Although the Inventors of the cited patents and other 
investigators have determined ways to obtain and optimize fat 
and oil production from certain microorganisms, none of these 
methods produces polyunsaturated fatty acids, and, in 
particular, they do not yield the highly polyunsaturated fatty 
acids designated Omega.3 or n.3 fatty acids. The Omega.3 and 
Omega-6 fatty acids are the two principal classes of 
polyunsaturated fatty acids. The Omega-3 (or n-3) fatty acids 
have the first unsaturation (double bond) at the third carbon 
from the methyl (or omega) end of the fatty acid, and the 
Omega-e (or n-S) fatty acids have the first unsaturation at 
the sixth carbon from the methyl end of the molecule. ♦ The 
Omega*6 fatty acids, such as linoleic acid, are common 
components of vegetable oils, such as corn oil. The microbial 
production of linoleic acid by culturing fungi of the 
Pelllcularia genus has been elaborated (U.S. Pat. No. 
4,281,0^4). 
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The Omega-3 fatty acids are prominent components of some 
fish oils, although they are not. synthesized by the fish but, 
instead, appear to be absorbed from their diets. These highly 
polyunsaturated fatty acids have been shown effective in 
humans in preventing or remedying cardiovascular disease and a 
number of auto-immune diseases, such as arthritis. They 



«pp^r to bo «a ooooatial notrUnt. >lthoa«h{«i ••cllor^^ 
focaMB^tlon proeoss o£ tho prokaryotie Stropto^reoa organioM 
(Cirtat, »o, 3,127,315) prodocod « hypocholoatorolo«ic aqont 
roforrod to as II-S50, It 1« claar fro« tha axtractlon 
procodaroa oaad that thla agant la not ralatod to tha OMga-3 
fatty acids or thai r action* 

Tha f ocaa of •adtcal raaaarch on tha fatty acids has been 
principally on two of tha Omaga»3 fatty acids, 
•icosapantaanoic acid (EPA t a 20^arbon fatty acid having 5 
unsaturations) and docoaahexaenoic acid (DHAi a 22-carbon 
ratty acid having 6 unsaturations), although others of this 
class «ay prove to be important. It is widely recognized that 
the principal dietary sources of these chemical moieties for 
fish are photosynthetlc algae and mlcroalgae. The use of the 
marine mlcroalga, chlorella mi nutlsslma, to produce Omega-3 
fatty acids photoautotrophically has been the subject of 
recent patents (U.S. Pat. No. 4,615,839 and Jap. Pat. Disci. 
HO. Sho-61-63624). A process for preparation of 
elcosapentaenolc acid from llnolenlc acid using enzymes from 
mlcroalgae and macroalgae also has been described (Jap. Pat. 
Disci. No. Sho«61«31092). 

In contrast, no method has been described heretofore to 
produce Omega.3 fatty acids from 'mlcrttbes that are grown 
heterotrophlcally, using as a nutrient a sugar, carbohydrate, 
or other source of ^pre-formed" carbon. Although a process 
for cultivating the freshwater mlcroalga Chlorella 
mlxotrophlcally on lower fatty acids to aid In disposing of ; 
organic wastes (O.S. Pat. No. 3,444,647) was developed, no 
product description Is provided, and this species does not 
produce Omega-3 fatty acids. 

Summary of Invention 

This Invention comprises use of certain heterotrophic and 
autotrophic eulcaryotes grown heterotrophlcally to produce 
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UpM that coatalM Oi»9«-3 £«tty acldii «• proidDtnt^ ja^^ 
coo«ilto«ittii and io o«« of thU lipid >r it. «)a«tltut^ Ujg 
natritlooal iappl«~«»t«f In food, for Homb. and other |p 
animU, liiclidlog •qoacaltarod .poeUsf and in drug, nndo^ ^g| 
ph«n«cwtle«l«. »o prrtcnryoto I. kno« to .ynthe.i.. 0~9*-^« 
fatty ncidai ^ Eoknryotic .ynthaaU baaad on autotrophic 9roir^ 
of photoaynthotlc idcroalga. praaant. problaa. of "S^t and| ..^ 
notrlanti provlalon that liv*ir •conoalc production, ■■.r^::^;^^^.::;^ 
iDTantorihai datananad that obllgataly, or facoltatlvaly marl^ 
•ukaryotaa, including but not ll«ltad to fungi, 
thracstochytrlda, aicroalgaa (In particular, diatoms and . 
ainoflagaUatesj^ and yeasts produce high concentrations o^ 
docosahexaenoic acid and elcosapentaenolc acid when grown 
under heterotrophic growth conditions. Obligately freshwater 
(aquatic) heterotrophic eukaryotes do not appear to produce - 
these chemicals. 

' conventional sources of Omega.3 fatty acids are oils from 
such fish as salmon, anchovies, sardines and menhaden. These 
fish oils In the unrefined form contain cholesterol. 
Depending on the environment and diet of the fish, these fish 
oils may also contain heavy metals and synthetic organic . . 
chemicals such as polychlorinated blphenyls (PCB's), 
polybromlnated blphenyls (PBB's), dleldrln and aldrln. In 
addition to these disadvantages, the fish oils have an 
unpleasant fishy odor and taste. It Is a further advantage of 
this invention to provide lipids containing Omega-S fatty 
acids that are not contaminated with heavy metals or 
undesirable synthetic organic chemicals. The invention also 
provides Omega-3 fatty acid products that do not have a strong 
fishy odor and taste. 

Detailed Description of the Invention 



This Invention represents that selected heterotrophic 
eukaryotes that are either halo-tolerant or halophlllc, when 
cultured, cultivated, or fermented in a salt-containing medium 
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or ooo cbttt«lalB9 natural or artif icialTsaawatar* vlll;prodoeo : 
Oaoga-S fatty, acids* ineloding bat not lialtod to BPA and DBA* 
aa a •i90lfleaat porcaata^a of total lipid. ^ Purtharaora;^; tha^ 
ti; osa of a«>ch aicroorganisoM yialds a lipid fraction that is 
Ji^uaafol as a natritional aopplaaanti aa .a food additiva in 
i|vWr9arinaa« cooking oils, salad drassibgs; baked prodactSr 
5 infant natritional foraalae and adalt enteral nutritional- 
I foraalaei as a skin care product or cosMtici as a dru^ or v; 
I pharaaceuticali aa a component of an intravenous, parente rally 
10 ! administered fluid; and as an animal or aquaculture feed or 
feed additive. The high levels of Omega-a fatty acids 
produced by these marine eukaryotes grown heterotrophically 
are unique. Prokaryotic microorganisms generally do not 
produce these fatty acids. Although photosynthetic, 
15 autotrophic eukaryotes do synthesize the Omega-3 fatty acids, 
the rates of growth of these organisms and their production of 
the fatty acids under photosynthetic growth conditions are 
significantly less than when heterotrophic eukaryotes are 
cultivated heterotrophically. Specific heterotrophs 
20 . appropriate for use in this invention include, but are not 

limited to: the thraustochytrids, Thraustochvtrium roseum and 
T/^aureum; the phycomycetes fungi r Pythinm sp . and 
Schisochytrium aggregatum i the diatom, Hitzschia sp . > and the 
dinof lagellate, Crvpthecodinium cohni . These species are 
25 maintained in the American Type Culture Collection and the 

algae culture collection of the University of Texas at Austin. 
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The Omega»3 fatty acids appear to be produced only by 
marine microorganisms or by halophilic or halo-tolerant 
species. Thus, in the preferred embodiment, either seawater, 

30 an artificial seawater, or other saline solution is used as 
the solvent in the culture cnediuffl. The complete meTlum is 
referred to as a saline culture medium. The carbon source in 
this saline culture medium may be a relatively simple 
carbohydrate source, for example, glucose, sucrose, mannose, 

35 or molasses, or, if slower cultivation is permitted, vegetable 
fibers such as grasses or bagasse. 
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After; iDoealatioa o£ th«^iialiiil caltttM •tdlmi with th«- 
••I«ct«4 Mkaryotie «lcrporgani«Mt^^<i i»4l«»; l« incubated : - J; 
«nd«r cotidltloo« f «vor«bl« f of; h«t«^rophlc growth of th« 
Bieroorgaalsa. Katr«ctlon« of tho ealtar« «ro acco«plUhod by^ 
solvont oxtractlon o«lng a mlfA organic aolvant and standard | 
toehttlqaas. This Invaotlon will bo ■oro; claarly andoratood hye. 
rofarancos to tho following lllaatratUo ^iKaaplaair whlc* aro J 
not to bo conatruod aa Halting tho Invontlont ; 

•■ EXAMPLE 1 

•* " ^' . 

Pace cultures of the thraostochytrlda, yeasts, fungi, or 
microalgae are Inoculated Into liquid media of successively 
larger volumes starting at 100 ml and staging up to larger 
cultures. A saline culture medium is prepared by mixing 1.0 g 
of glucose with 0.1 g yeast extract in 1000 ml of aged 
seawater. The amount of glucose can be increased to 5 g and 
the pa in the preferred embodiment is adjusted to between 7 
and 7.5. The cultures are grown for two weeks at 
approximately 25" to 28* C. to facilitate heterotrophic growth. 
Growth vessels are either shaken with rotary shakers or magne- 
tically stirred. The species may be grown either 
unilluminated or illuminated with moderate light, even though 
the organisms are growing heterotrophically. Harvesting is 
carried out by centrifugation or freeze drying. 

These microorgansims may be extracted in the wet state 
directly after harvesting or in the freeze dried state, using 
a mixture of non-polar and polar organic solvents consisting 
of methanol, chloroform, and water in the proportions 2*1:0.8. 
The solvents are mixed with the microorganisms and allowed to 
stand for 1/2 to 3 hours. After this period, additional 
chloroform and water are added to yield a solvent ratio of 
2:2:1.8 of methanol, chloroform, and water. The chloroform 
layer contains the total lipid fraction, which is comprised of 
a sufficiently high concentratioiL_of_0m ega-3 fatty acids _to_be 
useful in nutrition and me dicine. 
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Th« proc«dar«s £ollo«r«d in Kxmv1« 1 arc as*d/ •se*pt 
that. th« Mlin« eoltortt mdioi is compo9*d of 1 to 5 9 
9lococ«» 1 9 yoMt extract, and 1 9 paptona la 1 litar of 
aaaifatar,? Tha pB is adjoatad to batwaaa 7 and 7.5. 

Bxaapla 3 '■■ 

Tha procedaras followed in Bxaatpla 1 are utilixad, except 
that 'n artificial saawater base is prepared for this saline 
caltare nediaa. This consists of 2.5 g HaCl, 0.5 9 MgS04. 
7e20» 0.1 9 KCl, 0.01 9 KB2PO4, 0.02 9 CaC03 and sufficient 
82804 to dissolve the above compounds. To this solution, 
(NH4)2 SO4 Is added In the amount of 0.02 g, along with 0.2 
with 0.2 g NaH-glutamate, 0.1 g Agar, 1.0 ug Thlamlne-BCI , 0.1 
ug Cyanocobalamln, 5.0 mg Na2EDTA, and the trace metals 0.05 
mg PeSO4.7B20, 0.02 mg 2nS04.7B20, 0.01 mg MnSO4.B20, 2.0 ug 
C0SO4.7B2O, 0.2 ug CUSO4.5B2O, 2.0 ug 83303, 2.0 ug NaMo04.B20 
with sufficient distilled water to yield 100 ml of solution. 
To this Is added 0.1 to 0.5 g glucose or other sugar, 0.01 g 
NaBC03» and the pB Is adjusted to between 7 and 1 .5^ 



20 Example 4 

The media and procedures employed In any of the above 
examples are used except that the cultures are exposed to 
light of moderate Intensity. Beterotrophlc growth of certain 
marine eukaryotes, such as the thraustochytrlds. Is enhanced 
25 under such conditions. 

Example 5 



30 



The media and procedures employed In any of the above 
examples are used except that additional limited quantities of 
available N and P (such as 0.085 g NaN03 and 0.012 g llaB2P04) 
ace added to the saline culture medium. Beterotrophlc growth 
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of Mrtain aarin* cakaryotMf 
•nbaaoid la this Mdloa. 



soch aa th« ■ieroalgaa* la 
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rhm saaplaa barvaatad froa thaaa azaaplaa predoea lipid 
fractiooa containing Oi»9a*3 fatty acida. After attraction ; 
and aatarificatioa to font tha Batliyl aatara* gaa 
chroatttographic analyaaa ahow that the Omaga»3 fatty adds nay 
conatitata «s «ach aa 10 to S0% of the total f atty^iacid g 
fraction. Thay ara ganarally contained' in phospholipiday 
glycollpids, adno*, di-, or triglyceridea, and sul^olipids, or 
a« the free acida* bat are not liaited to these foma. ) 
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Nb«t is claiMd 1st 

1. A probsss of aslo9 hstscotrophlcslly grows obllgstSly or 
faeoltativsly aarln* •okaryotic •icroorgaalsms as a 
scores for ths production of Oas9a*3 (ii»3) fatty acids. 

2. V A procsss according to clai« 1, whsriln ths narins 

' sukaryotic Bicroorganls* is sslsctsd f ro« ths group 
■ consisting of ihraustochytridsr lower fungi» yeasts, 
and aicroalgae. ^ 

■ * 

3. . A process for the production of Omega»3 (n«3) fatty acid 

products from obligately or facultatively marine 
eukaryotesy comprising the steps oft 

(a) inoculating a saline culture medium containing 
a carbon source with marine eukaryotic 
fflicroorgansims; ' 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic 
growth of the marine eukaryotic microorganisms? 

(c) harvesting the marine eukaryotic microorganisms 
from the saline culture medium; an4 

(d) extracting the lipid fraction froM the 
harvested marine eukaryotic microorganisms. 

4. A process according the claim 3, wherein. the saline 
culture medium con5>rises seawater. 

5. A process according to claim 4, wherein the carbon source 
comprises glucose. 

6. A process according to claim 4, wherein the conditions 
conducive to heterotrophic growth comprise a pH of from 7 
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to 7.5 and « t«iv«r*tttf« 25 to 2t*]C. : 

■ . . ■ •' •■ <s . : 

h proeoss .ceordlng to cl«U 3. whoroln tho .alino • 
caltoro •tdlo* conprls*. an artificial saawatcr baaa. 

K procaaa according to clal. 7, wharaln tha carbon soarca 
cofl«>rl8aa glacoaa. 



9. A procaaa according to clal- 7, wharaln tha conditions 
condaclva to hatarotrophlc growth comprise a pH of from 7.|| 
to 7.5 and a temperature of 25 to 28* C. 

10. A process according to claim 3, wherein the conditions ^ 
condttclve to heterotrophic growth comprise exposure to 
light of moderate intensity. 

n.. A fatty acid product comprising an Omega-3 (n-S) fatty 
acid extracted from a heterotrophically grown, 
obligately or facultatively marine, eukaryotic 
15 microorganism culture. 

12 The fatty acid product of claim 11, wherein the fatty 

acid product may be used as a nutritional additive to the 
diet of humans. - 

13. the fatty acid product "of claim 11, wherein the fatty 
acid product may be used as a pharmaceutical product.- 
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14. The fatty acid product of claim 11, wherein the fatty 
acid product may be used as a skin care or cosmetic 
product. 

15. The fatty acid product of claim 11, wherein the fatty 
acid product may be used as an animal feed additive. 
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wo 8Q/00606 AMENDED CLAIMS PCT/US88/02483 

[leceived by the International Bureau on 12 January 1989(12.01.89); 
new claims 16-19 added; claims 1-15 unchanged (3 pages)] _ 

16. A process for the"product ion of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: 

(a) inoculating a saline culture medixnn containing a 
carbon source with marine eukaryotic microorganisms; 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
of the marine eukaryotic microorganisms; 



harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 

extracting the lipid fraction from the harvested 
marine eukaryotic microorganisms; and 

using the lipid fraction to produce a nutritional 
additive to hiaman diets. 

17. A process for the production of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: 

(a) inoculating a saline culture medium containing a 
carbon source with marine eukaryotic microorganisms; 



(c) 
(d) 
(e) 



(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 



(d> extracting the lipid fraction from the harvested 
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marine eukaryotic microorganisms; and 

(e> using the lipid fraction to produce a pharmaceutical 
product. 

18. A process for the production of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: ' 

(ay inoculating a saline culture medixim containing a 
carbon source with marine eukaryotic microorganisms; 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms from 
the saline culture medium; 

(d) extracting the lipid fraction from the harvested 
marine eukaryotic microorganisms; and 

(e) using the lipid fraction to produce a skin care or 
cosmetic product. 

19. A process for the production of Omega-3 (n-3) fatty acid 
products from obligately or facultatively marine eukaryotes, 
comprising the steps of: 

(a) inoculating a saline culture medium containing a 
carbon source with marine eukaryotic microorganisms; 

(b) incubating the inoculated saline culture medium 
under conditions conducive to heterotrophic growth 
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of the marine eukaryotic microorganisms; 

(c) harvesting the marine eukaryotic microorganisms from 
the saline culture medixam; 

(d) extracting the lipid fraction from the harvested 
marine eukaryotic microorganisms; and 

(e) using the lipid fraction to produce an animal feed 
additive product. 



